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Enhancement of photosynthetic activity in soybean [Glycine max (L.) Merr.] 
has been the target of the breeding effort for several decades. In the 
field, fluctuation of the light intensity in the plant canopy is very common 
phenomenon caused by the scattered clouds and canopy shading. In such 
condition, the leaf photosynthetic rate does not reach its maximum 
immediately but gradually approaches toward the maximum value. This phase is 
called “photosynthetic induction response”. Since the induction response 
is generally slower compared with the light fluctuation, a faster induction 
response may result in greater dry matter productivity of crop canopy with 
increased carbon assimilation. This thesis describes a study aimed to 
elucidate the genetic diversity and physiological mechanisms of the 
photosynthetic induction response among various soybean genotypes. The 
contents are summarized below.  
 
1. The genotypic difference and underlying physiological mechanisms in the 
photosynthetic induction response are examined for commercial soybean 
cultivars. Seven soybean cultivars from the USA and Japan were grown in the 
plastic pots. Plants in the vegetative growth period were acclimated to dark 
condition during one night and the photosynthetic rate was measured for 
upper leaves continuously for ten minutes after a sudden increase of light 
intensity. There were clear differences in the induction response among 
these soybean genotypes. Cultivars‘UA-4805’(UA) and‘Fukuyutaka’(Fy) 
showed the fastest induction and cultivar‘Tachinagaha’(Tc) showed the 
slowest induction. The photosynthetic rate at 600s after starting the strong 
light illumination ranged from 13.1 µmolm-2s-1 in Tc to 23.2 µmolm-2s-1 in UA. 
Combining the measurement of induction response with the CO2 concentration 
control, the physiological mechanisms underlying the observed difference in 
the photosynthetic response were analyzed. Major part of the induction 
kinetics was not explained by the stomatal opening, but by the in vivo 
activity of the carbon fixation by Rubisco (Vcmax). The Vcmax at 600s after 
starting the strong light illumination was 70.0 µmolm-2s-1 in UA, while that 
of Tc was only 26.5 µmolm-2s-1. There was no clear relationship between the 
kinetics of the induction response and the maximum photosynthetic rate under 
the steady-state high light (Pmax). 
 
2. The diversity of the photosynthetic induction response is evaluated for a 
larger collection of soybean germplasm. The 37 parental lines of SoyNAM 
(Soybean Nested Association Mapping) population with divergent origins were 
used. The 37 parents showed a near 7 times difference at the vegetative 
stage and a 4 times difference at the reproductive stage in the difference 
in speed of induction response (CCF) with consistent tendency between 
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measurements. The CCF was associated more with the difference in 
carboxylation capacity of photosynthesis than with stomatal conductance. 
There was no correlation between CCF and Pmax, suggesting the independent 
regulation of the steady-state and non-steady-state photosynthesis among 
soybean genotypes.  
 
3. The impact of the photosynthetic induction response on the dry matter 
productivity is examined. NAM12 and NAM23 were used as the fast and slow 
induction genotypes. During measurement of photosynthesis, the high and low 
light intensity was applied in every 30 min with 14 h photoperiod along with 
the control that received a constant light intensity. The growth chamber at 
Illinois and the LED greenhouse at Kyoto were used for this experiment. The 
above-ground dry matter (DM) at 31 and 20 d after seeding for Illinois and 
Kyoto, respectively, was significantly greater in NAM 23 than in NAM 12 
under both of the fluctuating and constant light treatments. From this 
result, although there exists a strong possibility of association between 
speed of induction response and DM productivity, a greater DM in NAM 23 was 
not clearly attributed to its fast induction response. 
 
4. The author discussed the findings of this study referring to previous 
studies. It was stated that this study first demonstrated genotypic 
variability of the speed of induction response in soybean and that an 
important physiological mechanism underlying the genotypic difference is 
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